ZnS:MneFe 3 O 4 bifunctional nanoparticles were synthesized by inverse microemulsion method for biomedicine applications. The bifunctional nanoparticles were combined from prepared ZnS:Mn and Fe 3 O 4 nanoparticles in a SiO 2 cover matrix. Results show that bifunctional nanoparticles, apart from exhibiting magnetism, have photoluminescence properties, which support the applications targeting biomedicine fluorescent diagnostics as well as magnetic cell sorting or drug delivery.
Introduction
Multifunctional nanoparticles are of a great interest in recent development due to the growing needs in biomedical applications. They have potential to integrate various functionalities such as providing contrast for labeling agent, image-guided therapies, targeted drug delivery, thermal therapies or simultaneously serve as magnetic separator [1e4] . At the beginning, core-shell structures were considered to improve appropriate physical as well as chemical properties and combine them in one nanoparticle. Advanced polymer coating such as polyethylene glycol was usually used as functionalizing agent to make the nanoparticles have good bio-compatibility [5e9]. Some semiconductor coatings have been developed as photoluminescent shell to increase the luminescence [10e12] as well as making a cover against the toxic element release from core material, such as Se, Cd [11] . In some other applications, metal and silica shells were coated for protecting the core materials [13, 14] . However, the synthesis method of core-shell structure referred tight conditions and expertise laboratory craftsmanship. In this paper, a simple method of inversed microemulsion was used to prepare new bifunctional nanoparticles ZnS:MneFe 3 O 4 from individual Mn-doped ZnS (ZnS:Mn) semiconductor nanoparticles and Fe 3 O 4 magnetic nanoparticles in SiO 2 coating matrix. ZnS:Mn semiconductor nanoparticles can be employed for labeling of clinical tumor tissues [15] . The magnetic nanoparticles with superparamagnetic properties can be used as targeted delivery of drug and/or gene, magnetic separation as well as magnetic therapies [16e19]. The designed bifunctional nanoparticles can act similar functions like core-shell structure nanoparticles, providing simultanously photoluminescence as labeling agent in biomedical application, biocompatible and can be also purified by magnetic separator or can be used for drug delivery due to their magnetism, event under the coating of SiO 2 matrix.
Experimental

Synthesis of ZnS:Mn nanoparticles
ZnS:Mn nanoparticles were synthesized by ultrasound-assisted co-precipitation method using sodium sulphide (Na 2 S) as S À2 ion source. 
Synthesis of ZnS:MneFe 3 O 4 bifunctional nanoparticles
The bifunctional nanoparticles were combined from above two kinds of nanoparticles by inverse microemulsion method. The inverse microemulsion was created by mixing hydrophobic phase of toluene and hydrophilic phase that was made from the mixture of ZnS:Mn solution and Fe 3 O 4 solution in isopropanol right after synthesis and the solution of NH 4 OH with distilled water. Under sonic bath, tethraethylorthosilicate (TEOS) was added to react with water in solution to form amorphous SiO 2 matrix that covered both types of particles.
The morphology of the ZnS:Mn, Fe 3 O 4 and the ZnS:MneFe 3 O 4 nanoparticles was investigated by transmission electron microscope (TEM, JEOL-JEM1010). The structure of nanoparticles was studied using X-ray diffractormeter (XRD, Bruker D5005). The average crystallite size, d, is calculated from the line broadening using Scherrer's formula: d ¼ 0.9l/(Bcosq), where B is the half maximum line width and l is the wavelength of X-rays. The chemical composition of the nanoparticles was studied by using an energy dispersion spectroscopy (EDS) included in JEOL 5410LV scanning electron microscope and the chemical bonding was investigated by using Fourier Transformation Infra-Red (FTIR 6300, Shimadzu) absorption. Magnetic properties of samples were studied by using DMS 880 Vibrating Sample Magnetometer (VSM) with a maximum magnetic field of 13.5 kOe at room temperature. Optical properties of sample were investigated by using the Flourolog FL 3-22 photoluminescence (PL) spectroscopy (Jobin e Yvon e Spex, USA). Fig. 3 . All the spectra show the broad peaks at 3400 cm À1 of OeH stretching vibration [22] and the peaks at 1628, 2340, 2361 cm À1 which can be assigned to CeO vibration of CO 2 [22, 23] Fig. 4 shows the PL spectrum of ZnS:Mn and that of ZnS:MneFe 3 O 4 nanoparticles excited at 335 nm. The spectrum of ZnS:Mn nanoparticles have the peak at 438 nm which is originated from defects caused by missing of some Zn ion in ZnS crystal structure, and the peak at 595 nm which is originated from the 4 
Results and discussion
Conclusions
ZnS:MneFe 3 O 4 bifunctional nanoparticles were successfully synthesized from ZnS:Mn and Fe 3 O 4 nanoparticles in biocompatible SiO 2 matrix using inverse microemulsion method. The bifunctional nanoparticles have photoluminescence similar to ZnS:Mn photoluminescence nanoparticles and magnetic propeties similar to Fe 3 O 4 magnetic nanoparticles, which support their use in both labeling and separating applications in biomedicine. Furthermore, with the biocompartible SiO 2 cover matrix, these nanoparticles can be easily surface-modified in many biomedicineapplication purposes.
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